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The prevalence of passerines (mostly oscines, or songbirds) in interna-
tional bird trade suggests that the possession or production of a song that
is attractive or desirable to people may contribute to the likelihood of a
species being traded. Testing this is difficult because we lack a general and
readily available metric that quantifies attractiveness of bird song to
humans. We propose and validate such a metric, based on the number of
sound files lodged for a species on the Xeno-Canto website (www.xeno--
canto.org). Our hypothesis is that species with more attractive songs are
likely to be recorded more often, and so be represented more often in this
online bird sound resource, all else being equal. Using a sample of North
American and European passerines, we show that song repertoire size and
geographic range size are consistently related to the number of recordings
on Xeno-Canto. We use these results to derive a metric (the residuals of a
model of the number of recordings in Xeno-Canto as a function of
geographic range size) that may identify songs that are attractive to
humans. Bird species whose songs are known to have inspired classical
music, including several well known for their songs (e.g. common night-
ingale, European blackbird), have higher values of the metric than those
that have not been referenced in classical music. The metric may help
explain which bird species are present in trade, and so contribute to
studies of invasion and conservation biology.
‘Lord. What music hast thou provided for the saints in
heaven, when thou givest bad men such music on earth!’
Izaak Walton, on the song of the nightingale
Introduction
Human activities have introduced, and continue to
introduce, a wide variety of species beyond the natu-
ral limits to their geographic distributions. Many of
these species establish viable exotic populations, and
some of those go on to become invasive. One of the
key steps in understanding this process is to identify
the characteristics of species that contributes to why
they are translocated to new regions (Blackburn
et al. 2011). For birds, deliberate translocation of
individuals for the cage bird trade is a major such
pathway. During the 1990s, international trade
was estimated to have involved 2–5 million birds
annually (Inskipp 1990; cited in FAO 2011),
although this number has since decreased due to the
enforcement of international regulation with respect
to some threatened species, and a ban on bird
imports to the European Union in response to the
threat of highly pathogenic avian influenza H5N1
(FAO 2011). Inskipp (1990) noted that most traded
individuals relate to ornamental and singing birds,
and this is borne out by figures quoted by the United
Nations (FAO 2011). They show that world markets
are dominated by Passeriformes (passerines) and Psit-
taciformes (parrots), comprising 70% and 20% of all
trade, respectively, vs. 59% and 4% of all bird
species. Most passerine (81%) species belong to the
suborder Oscines (songbirds), as do most passerine
species in trade (e.g. Carrete & Tella 2008), which
therefore suggests that song may be a significant
contributor to the presence of a bird species in trade.
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Oscine passerines are characterized by more com-
plex syringeal morphology and more complex songs
than suboscine passerines (Baptista & Kroodsma
2001; del Hoyo et al. 2003). Many passerine songs
sound raucous or unmelodic to the human ear, but
others possess such aesthetic value as to be described
as beautiful (Hartshorne 1968). Bird song may not be
music (Araya-Salas 2012), but it has inspired some
significant pieces of music and other art, from Mozart
divertimenti and serenades to poetry by Shakespeare,
Shelley and many others. Nostalgia for the songs of
birds from the homeland is thought to have motivated
some deliberate bird introductions by European
settlers in the colonies (McDowall 1994), while In-
skipp (1990) claimed that informal markets for sing-
ing birds among China and other Eastern countries
involved approximately 1–3 million birds a year. We
expect that the possession of a song that is attractive
or desirable to people may therefore contribute
significantly to the likelihood that a bird species gets
entrained on the invasion pathway.
To assess the contribution of song to the likelihood
of human-mediated invasions by bird species, we
need a general and readily available metric that quan-
tifies the attractiveness of that song to human ears
and aesthetics. It is immediately clear that any such
metric would need to overcome some significant
problems. First, bird songs have a number of distinct
characteristics, any or all of which may contribute to
their attractiveness. For example, some species sing
for long periods, while others produce very brief
snatches of song. Some have a broad repertoire of
different song types, while others are more restricted
in their vocalizations. Some species switch between
song types more frequently than other species, for a
given overall repertoire, which may make their song
seem more complex. Quantifying this variation is eas-
ier in discontinuous singers, which sing discrete
snatches of song, than in rambling or continuous sing-
ers. Species also vary in the pitch and amplitude of
their songs. Issues of comparability, complexity and
unit are well-known problems for studies of bird song
evolution and ecology (e.g. Krebs & Kroodsma 1980),
but are no less challenging when one needs to assess
how different elements of song combine to affect an
unintended receiver (a human listener). Second, the
metric would need to be applicable to a wide range of
bird species, for the purposes of comparative analysis.
Of the 10 000 or so extant bird species, c. 2600 have
been recorded in trade (FAO 2011), including 30% of
all passerine species, so studying the causes of this
variation would be best served by data for a signifi-
cant number of species. Third, and most difficult,
attractiveness is a subjective quantity, in the ear of
the beholder, and culturally influenced. While there
are undoubtedly some birds whose songs are gener-
ally considered to be bywords for beauty (e.g. com-
mon nightingale Luscinia megarhynchos, song thrush
Turdus philomelos, European blackbird T. merula,
northern mockingbird Mimus polyglottos), the songs of
most species are unknown to most people. The metric
would have to sample a range of listeners from differ-
ent cultural backgrounds to obtain a consensus view
on what constitutes an attractive song, so that it is not
sensitive to the opinions of one or two individuals
who may favour one of the elements that defines a
song (e.g. complexity vs. repertoire size; see e.g.
Chapter 6 in Mynott 2009). Fourth, any such metric
would ideally present variation for analysis and there-
fore quantify attractiveness to humans as a continu-
ous trait, rather than simply presenting a few discrete
categories.
Here, we propose and quantitatively assess a possi-
ble metric that may give a practical solution to these
challenges: the number of sound files lodged for a spe-
cies on the Xeno-Canto website (www.xeno-canto.
org). Xeno-Canto is a non-profit website set up and
chiefly maintained by Willem-Pier Vellinga and Bob
Planque, run from the Netherlands, to allow record-
ings of bird sounds from around the world to be
shared. Its aims are to popularize bird sound record-
ing, and to improve accessibility to, and to increase
knowledge of, bird sounds. As of 25 January 2013,
Xeno-Canto held >115 000 separate recordings of
>8400 species (roughly 80–85% of all currently
known bird species), uploaded by >1000 different
recorders. The arithmetic mean number of recordings
for which the species is the target (rather than present
in the background) was 13.6 and the maximum was
335. The criteria that any metric must apply to a large
number of species, sampled by a wide range of listen-
ers, and with variation for analysis, are certainly
fulfilled by this database.
What determines why some species have more
sound files loaded onto Xeno-Canto than others? We
can think of six reasons. First, some species are more
common and widespread than others (these two traits
are generally positively correlated in birds and other
taxa: Gaston 1994; Gaston & Blackburn 2000; Black-
burn et al. 2006), and so are encountered more often
by recorders. Second, some species have song behav-
iours that make them easy to record, and so are
encountered more often by recorders. Third, some
species are present in biogeographic regions with
larger (and richer and generally technologically better
equipped) human populations and therefore are
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encountered more often by recorders. Fourth, some
species or species groups are only readily identified in
the field by their songs and therefore are more
targeted by recorders interested in questions of identi-
fication and taxonomy. Fifth, some species are gener-
ally cryptic in their behaviours (e.g. skulking or
nocturnal) and therefore are only readily seen if they
can be lured into view by recordings of their own song
or call, or that of a conspecific. Sixth, some species
have more interesting songs, either in terms of
breadth of repertoire, song length, syllable diversity,
complexity or amplitude; any or all of these elements
may make some species songs more attractive to
recorders. Any or all of these six reasons may lead to
more sound recordings of the songs or calls of some
species being in existence and as a result more sound
recordings of the songs or calls of some species being
uploaded onto Xeno-Canto. Clearly, the last of these
reasons is one that might best be equated with the
aesthetic quality of a song or call to the human ear
and hence the attractiveness or beauty of the species’
voice to people. Therefore, a species’ representation
on Xeno-Canto may be usable as a metric of this
aesthetic quality, if other factors driving representa-
tion are controlled for.
Here, we assess whether these reasons explain
interspecific variation in the number of sound files
lodged on Xeno-Canto, by exploring correlates of this
variation that we predict should be related to it.
Specifically, we use a subset of the data on Xeno-
Canto to test whether geographic range size, the loca-
tion of that range, body size and measures of song
diversity, are related to the number of recordings of
passerine bird species on Xeno-Canto. We use the
results of this analysis to produce a suggested metric
for the attractiveness of bird song to humans and
show that this metric is related to whether or not a
bird’s song has inspired a piece of classical music.
Methods
We compiled a data set comprising 148 species of
passerine birds from Europe or North America. We
limited our study to passerines because this order con-
tains most of the species renowned for the beauty of
their songs, and because it is the pre-eminent order in
the bird trade, most specifically in the pet bird trade.
For these particular species, data on song metrics were
independently compiled by Read & Weary (1992) for
a study of bird song evolution. They are unlikely to be
a random sample of all passerine bird species in the
region, but we note that any bias would not be
expected to produce the relationships we demonstrate
below. We used Read & Weary’s measures of song
length (in seconds, the mean length of one individual
unit in the species’ repertoire), song repertoire size
(the number of song types possessed by an individual,
a measure of between-song complexity) and the
number of syllables in a song (the mean number of
different syllable types in a song, a measure of within-
song complexity) as measures of song diversity.
We combined these data with information on the
number of recordings listed on Xeno-Canto on 25
January 2013 for the species (assuming that the iden-
tity is given correctly) in which it is the foreground
singer (and therefore presumably the target species
for the recording), the size of the global breeding
range of the species (km2, from data compiled for
Orme et al. 2005), the mean latitude of the breeding
range (degrees, again from Orme et al. 2005), the
body mass of the species (g, from data compiled for
Olson et al. 2009) and the taxonomic family to which
the species belongs (using the same divisions as the
Xeno-Canto website). We used breeding range size
and the latitudinal mid-point of a species’ distribution
to assess the likelihood that a species is encountered
by a recorder, the latter because human population
density tends to be lower at higher latitudes in Europe
and North America (see e.g. Davies et al. 2006),
meaning that species with more northerly distribu-
tions would be encountered less often by recorders.
We included body size to measure the likelihood that
a species is identifiable without the use of sound and
therefore as a crude metric of crypsis. Crypsis per se is
hard to quantify objectively, but our own extensive
field experience of birds is that smaller-bodied species,
in any given taxonomic grouping, tend on average to
be harder to identify by sight alone. We also compiled
information on the number of hits for the species’
scientific name on Google Scholar as an estimate of
the extent to which the species has been the subject
of scientific study. However, this variable was highly
correlated with geographic range size (r = 0.79,
N = 92, p < 0.0001), and so we excluded it from
further consideration.
Data on number of recordings, repertoire size, num-
ber of syllables, geographic range size and body mass
were all highly skewed, and therefore, we log-trans-
formed these variables for analysis. Data for all vari-
ables were available for 92 species, and so we limit
our statistical analysis to this subset. We compared the
number of recordings listed on Xeno-Canto for a
species with the predictor variables in our analyses,
using general linear models. All models were fitted in
R v.2.15.2 (R Development Core Team 2006) specify-
ing Gaussian errors, using the glm function. We fitted
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a full model comparing the number of recordings on
Xeno-Canto with all other variables. We then used
the dredge and model.avg functions in the package
MuMIn to fit all possible models from the predictor
variables, to identify the best model and to calculate
Akaike weights and variable importance (the sum of
the Akaike weights across all models including that
variable) based on Akaike Information Criterion
corrected (AICc) for small sample sizes.
If the aesthetic quality of bird song is a driver of the
number of recordings on Xeno-Canto, then when
other factors driving representation are controlled for,
species with a large number of recordings should be
species with aesthetically pleasing songs. Therefore,
we repeated the multimodel inference approach just
considering log geographic range size, log mass and
mean latitude of the breeding range. We used the
results of these analyses to calculate residuals that
provide a measure of the number of recordings on
Xeno-Canto scaled by variables that may determine
this number other than metrics of song. Our expecta-
tion was that species with large positive residuals
should be species generally acknowledged to have
beautiful songs. To test this, we compiled a list of 36
bird species whose songs have inspired pieces of
Western classical music using all specifically identified
birds listed in Johnson (1975), Hall-Craggs & Jellis
(1985) and Baptista & Keister (2005). We tested
whether these species ranked more highly in terms of
our song metric than species not known to have
inspired classical music using a two sample Wilcoxon
signed rank test and whether they have higher values
of the metric using a mixed model with region
(Europe, North America) as a random effect.
Results
Figure 1 shows how the number of recordings for a
species on the Xeno-Canto website varies with each of
the three song metrics, as well as with geographic
range. Table 1 shows the model-averaged coefficients
and relative importance of each variable from GLM
analyses based on a full model considering all predic-
tor variables simultaneously. The analysis identified
16 models with DAICc <10, of which the top five are
identified in Table 1. The most likely model included
terms for log geographic range size, log song reper-
toire size and log song length. All 16 most likely mod-
els included log geographic range size and log song
repertoire size as predictors (variable importance = 1),
and the model-averaged coefficients of both these
variables were significantly different from zero
(Table 1). Species tend to have more recordings
lodged on the Xeno-Canto website if they are














































































Fig. 1: The relationship between the log-
transformed number of recordings of a
species in Xeno-Canto and (a) log-transformed
range size (km2; GLM estimate  standard
error = 1.14  0.17) (b) log-transformed num-
ber of syllables per song (0.22  0.08), (c) log-
transformed repertoire size (the number of
song types possessed by an individual;
0.18  0.05) and (d) song length (seconds;
0.28  0.12).
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widespread and have a larger song repertoire.
These two variables are not related (GLM: esti-
mate  SE = 0.006  0.03). The most likely model
also included log song length, but this has a lower var-
iable importance (0.52) over all 16 models with DAICc
<10.
Focusing on variables that may determine the num-
ber of recordings on Xeno-Canto other than metrics
of song, multimodel inference using GLMs identified
a most likely model that included only log geographic
range size (estimate  SE = 1.16  0.17; Akaike rela-
tive model weight = 0.42). This variable was also
present in all four of the models with DAICc <10 (var-
iable importance = 1), while variable importance val-
ues for mid-latitude and log mass were 0.39 and 0.30,
respectively. We therefore calculated residuals from
the GLM of number of recordings in terms of log
geographic range size alone, which we term the resid-
ual song metric. As expected given Table 1, values
of the residual song metric relate to the size of the
song repertoire (GLM: estimate  SE = 0.19  0.04;
Fig. 2). The values of the residual song metric do
not correlate with the number of syllables per
song (estimate  SE = 0.08  0.07) or song length
(estimate  SE = 0.08  0.10), and this remains true
when modelled in terms of all song variables simulta-
neously (results not shown).
Species that were the inspiration for pieces of classi-
cal music rank more highly in terms of the residual
song metric than species that were not (Wilcoxon test,
W = 1471, N = 92, p < 0.001. These species also had
higher values of the residual song metric than species
not known to have inspired classical music in paramet-
ric comparison (GLM: estimate  SE = 0.43  0.11).
Discussion
The beauty of a sound is in the ear of the beholder. It
will be affected by cultural, environmental and
genetic influences, as well as by context (Mynott
2009). Variation in human preferences drives an
enormous variety of musical styles, so it is unlikely
that there will be unanimity in which bird song is the
most beautiful. Nevertheless, some sounds are prefer-
able to others and so the songs of some bird species
will inevitably be more aesthetically pleasing than
those of others. We can observe this in the extent to
which some bird songs have inspired great works of
the literature, such as the common nightingale (‘Now
more than ever seems it rich to die/To cease upon the
midnight with no pain/While thou art pouring forth thy
soul abroad/In such an ecstasy!’: John Keats). It therefore
makes sense that if we asked enough informed people
(i.e. group opinion sensu Dalkey 1969), we would be
able to produce a consensus ranking of bird song in
terms of beauty (an example of the ‘wisdom of
Table 1: Model-averaged coefficients (Estimate and Std Error) for predictors of log-transformed number of recordings of a species in Xeno-Canto,
calculated over all 16 GLM models for which AICc differed from the best model by <10. The predictor variables included in the five most likely models
are indicated by columns headed M1 (most likely model) to M5, together with the Akaike weight for the model. Importance is the sum of the Akaike
weights across all models (in the set of the top 16) including that variable. ***p < 0.001, **p < 0.01, *p < 0.05
Predictor M1 M2 M3 M4 M5 Estimate Std Error Importance
Intercept 3.89 1.08***
Log range X X X X X 1.11 0.16*** 1
Log repertoire X X X X X 0.20 0.05*** 1
Log song length X X X 0.15 0.10 0.52
Log mass X X 0.13 0.20 0.29
Mid-latitude X 0.003 0.006 0.27
Akaike weight 0.21 0.18 0.08 0.08 0.08

















Fig. 2: The relationship between range size-scaled number of record-
ings of a species in Xeno-Canto [residuals from a model of number of
recordings lodged on Xeno-Canto vs. geographic range size (km2)] and
log-transformed repertoire size.
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crowds’: Surowiecki 2005). The problem, of course, is
that to sample a sufficiently broad range of listeners
for a sufficiently high proportion of the c. 10 000 bird
species worldwide, to produce such a metric, is a
Herculean task.
Our pragmatic solution to this problem was to
exploit information from one of the major online
resources for those interested in bird song, xeno-can-
to.org. We expect that the number of recordings for a
species lodged on this site will be affected by many
factors, but that the aesthetic quality of the song will
be one of them: all else being equal, we would expect
more recordings of species with more attractive or
aesthetically pleasing songs, whatever it is that defines
those nebulous qualities. This led us to explore the
possibility that the number of recordings for a species
lodged on this site could be a potential metric of the
attractiveness of bird song to human ears, if we con-
trol for other factors that might contribute to this
number.
We found two variables that were consistently
related to the number of recordings of a passerine bird
species on Xeno-Canto: the size of a species’ geo-
graphic range and the size of a species’ song reper-
toire. These were ubiquitous in all of the most likely
GLM models of the number of recordings (those with
DAICc <10) and had model-averaged coefficients sig-
nificantly different from zero (Table 1). Unsurpris-
ingly, recordings of widely distributed species are
more often lodged on Xeno-Canto, presumably
because these species are more frequently encoun-
tered and recorded. Geographic range size explained
around a third of the deviance in number of record-
ings in univariate GLM models (results not shown).
More interestingly, species that have more recordings
lodged on Xeno-Canto are also likely to have more
diverse song repertoires, with this variable explaining
around 10% of the deviance in number of recordings.
The most likely model of the number of recordings of
a passerine bird species on Xeno-Canto also included
song length as a predictor, but multimodel inference
suggests a much lower importance for this variable
over all the models with DAICc <10 (Table 1).
We found little evidence for relationships between
number of recordings on Xeno-Canto and either the
latitude on which a species’ distribution is centred or
a species’ body size (Table 1). We included body size
as a variable because our own experience is that smal-
ler-bodied species tend, on average, to be harder to
identify by sight alone. This appears to be true for our
data set, where the hardest to identify are species in
the genera Empidonax, Acrocephalus, Hippolais and Phyl-
loscopus, all of which are small-bodied. Nevertheless,
either body size is actually a poor measure of crypsis
for the species in our data or crypsis does not drive the
frequency with which species are lodged on Xeno-
Canto. The absence of a relationship between number
of recordings and latitude is surprising given that lati-
tude and range size are positively correlated in these
data (GLM: estimate  SE = 0.01  0.003, t = 2.8,
p = 0.006), as expected from previous studies show-
ing a similar effect (termed Rapoport’s rule) in North-
ern Hemisphere birds (Stevens 1989; Brown 1995;
Blackburn & Gaston 1996; Gregory & Blackburn
1998; Gaston & Blackburn 2000; Orme et al. 2006).
This may be because these data consider only species
in regions that are relatively densely populated with
people, and especially with active birdwatchers. We
would expect a stronger relationship between number
of recordings and the position of a species’ range for
global data, as variation in the density of people inter-
ested in recording birds is likely to be much greater
globally than in North America and Europe. This is
especially true given that the initial focus of
Xeno-Canto was on the songs of South and Central
American species (www.xeno-canto.org/about.php),
and we would recommend that any geographically
more extensive analysis than our own also accounts
for effects of biogeographic region.
The residuals from a model of number of recordings
lodged on Xeno-Canto versus geographic range size
provide us with a metric (the residual song metric)
that allows us to identify species that have many or
few recordings controlling for the key factor that
determines frequency of occurrence other than attrac-
tiveness of song. If quality or attractiveness of song
also influences the likelihood that a species gets a
recording lodged on Xeno-Canto, the residual song
metric ought to be influenced by that aesthetic. There
is indeed a strong positive relationship between this
metric and song repertoire size, which remains true
controlling for other measures of song quality. This is
expected given the consistent effect of repertoire size
in our general models (Table 1). Song repertoire size
can be viewed as a measure of song complexity and
song diversity. It is thus perhaps the feature that best
captures what makes a bird song attractive to the
human ear, and arguably a variable that could be used
directly to measure this aesthetic. Its primary short-
coming is that it requires a considerable amount of
study to quantify and hence is only known for a
relatively small subset of all bird species. In that
regard, the range size-scaled number of recordings
on the Xeno-Canto website makes a much more
available metric of the attractiveness of bird song to
humans.
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Further evidence that the residual song metric mea-
sures the attractiveness of bird song to humans is its
relationship to species that have inspired pieces of
music. The species in our data set that are referenced
in music rank more highly and have higher values of
the metric, than the species not so referenced. Bird
song was a particular inspiration for the twentieth
century French composer Olivier Messiaen, whose
works included musical transcriptions of the songs of
hundreds of species, including 113 European and 81
North American species (Johnson 1975). All 36 of the
species in our data referenced in music are found in
Messiaen’s work, and 29 only from his work. How-
ever, the seven (all European) species in our data set
referenced by other composers also have lower ranks
on our residual song metric (European species only,
Wilcoxon test, W = 104, N = 27, p = 0.06), and so
excluding species that only inspired Messiaen does
not alter our conclusions. Of these seven species, four
are included in the top 10 species for the residual song
metric (chaffinch Fringilla coelebs, European blackbird,
great tit and nightingale), and only one falls in the
bottom half for the metric (barn swallow Hirundo
rustica). Messiaen’s work references 14 species in the
top 20 for the residual song metric, but only four in
the bottom 20.
The fixed effects of geographic range size and reper-
toire size together explain around 45% of the varia-
tion in the logarithm of the number of recordings of a
species on Xeno-Canto. Clearly, factors other than
those we explore here are likely to contribute sub-
stantially to the number of recordings lodged on this
website. In part, these may be features of the songs
themselves for which we do not have data, such as
amplitude or pitch, that may also influence how
attractive are such songs to human listeners. How-
ever, they may also be characteristics that make some
species more likely to encounter recorders, such as
their singing behaviour, or characteristics that our
variables attempt to quantify, but do poorly: for
example, crypsis may be a key determinant of number
of recordings that is poorly captured by our use of
body size as a surrogate. Finally, there is likely to be a
degree of stochasticity because of the effects of chance
encounters, or of recorders with certain biases (e.g.
scientists investigating species chosen for behavioural
or ecological traits not associated with our covariates,
species for which song may resolve taxonomic ques-
tions, or song enthusiasts looking to fill gaps in their
recording libraries).
Bird song has long fascinated scientists, leading to a
broad range of studies on the topic (Baptista &
Kroodsma 2001). The fascination of scientists is but
one manifestation of the wonder that the beauty and
diversity of bird song evokes (Mynott 2009), which is
expressed in art, and also in the desire to possess the
singers that would appear to be a major driver of the
international cage bird trade. As far as we are aware,
no one has previously tried to derive a metric that can
be used to quantify variation in the attractiveness of
bird song, for obvious reasons: not least, it is a subjec-
tive trait on whose elements no two people will
exactly agree (Rothenberg et al. 2013). Nevertheless,
it is clear that while people differ in what they find
attractive, some bird songs are generally considered to
be more aesthetically pleasing than others. It makes
sense that sampling a sufficient range of people will
produce a consensus measure of this. Our analyses
suggest that the magnitude of the range size-scaled
number of recordings on the Xeno-Canto website is at
least influenced by the attractiveness of a bird’s song
to human ears, and so may be a metric of this quality.
It certainly relates to whether or not a bird’s song has
been the inspiration for classical music. It remains to
be shown whether this metric also predicts the likeli-
hood that a species finds itself in the cage bird trade,
as we might expect if song quality is a significant dri-
ver of this trade, and so helps to determine whether a
bird species gets entrained on the human-mediated
invasion pathway (Blackburn et al. 2011).
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